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(54) VAPOR GROWTH METHOD 

(57)Abstract: 

PURPOSE: To surely manufacture an epitaxial wafer having a 
flat surface which is free from micro-roughness by raising the 
temperature of a single-crystal silicon substrate in an inert gas 
atmosphere and etching off a natural oxide film formed on the 
surface of the substrate with a hydrogen gas before starting 
vapor growth. 

CONSTITUTION: After a substrate 1 is carried in a reaction 
vessel 3, the temperature in the vessel 3 is immediately raised 
in an argon-gas atmosphere until each temperature condition is 
met. When each temperature condition is met, the atmosphere 
is replaced with a hydrogen-gas atmosphere. Then, after a 
natural oxide film formed on the surface of the substrate 1 is 
completely removed by maintaining the substrate 1 for two 
minutes at 100°C in the hydrogen- gas atmosphere, a thin film 
2 having a thickness of about 6|xm is grown on the surface of 
the substrate 1 within two minutes at a growing temperature of 
1,100°C by using trichlorosilan as gaseous material. When the 
inside of the vessel 3 is changed to the hydrogen-gas 
atmosphere at 1,000°C and I.IOO^C, such a state that the 
surface of the substrate 1 is etched is hardly observed. 
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♦NOTICES * 

JPO and NCIPl are not responsible £or any 
damages caused by tbe use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The vapor growth approach characterized by having the process which carries out the temperature 
up of said silicon single crystal substrate within an inert gas ambient atmosphere, and the process which 
carries out etching removal of the natural oxidation film formed on the front face of said silicon single 
crystal substrate with hydrogen gas in front of vapor growth in the approach of carrying out vapor growth of 
the silicon single crystal thin film on the main fi-ont face of a silicon single crystal substrate. 
[Claim 2] The process which carries out a temperature up within said inert gas ambient atmosphere is the 
vapor growth approach according to claim 1 characterized by being continued to the temperature suitable for 
carrying out etching removal of the natural oxidation film formed on the firont face of said silicon single 
crystal substrate with hydrogen gas. 

[Claim 3] The process which carries out a temperature up within said inert gas ambient atmosphere is the 
vapor growth approach according to claim 1 or 2 characterized by being started from the temperature of less 
than 800 degrees C. 

[Claim 4] The temperature suitable for carrying out etching removal of said natural oxidation film with 
hydrogen gas is the vapor growth approach according to claim 2 characterized by being the temperature 
fi"om which the etch rate to the natural oxidation film by hydrogen gas becomes 1/10 or more [ to a silicon 
single crystal / of an etch rate ]. 

[Claim 5] The temperature suitable for carrying out etching removal of said natural oxidation film with 
hydrogen gas is the vapor growth approach according to claim 2 or 4 characterized by 950-degree-C or more 
being 1 190 degrees C or less. 

[Claim 6] The vapor growth approach according to claim 1 , 2, or 3 characterized by using the rare gas which 
chose as arbitration and was prepared as said inert gas from any one sort of helium, neon, an argon, a 
krypton, and the xenon, or these. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the approach of carrying out vapor growth of the silicon 
single crystal thin film on a silicon single crystal substrate. It is related with the ambient atmosphere before 
carrying out vapor growth of the silicon single crystal thin film in more detail. 
[0002] 

[Description of the Prior Art] When carrying out vapor growth of the silicon single crystal tfiin film on a 
silicon single crystal substrate conventionally, the temperature up of said substrate was performed in the 
hydrogen gas ambient atmosphere. For example, when a silicon single crystal substrate is carried in in the 
reaction container near 900 degree C, as temperature shows this silicon single crystal substrate to drawing 6 
from the plenum chamber beforehand permuted by nitrogen-gas-atmosphere mind from the air ambient 
atmosphere, it is heated within a hydrogen gas ambient atmosphere, and a temperature up is carried out even 
to desired etching temperature. 

[0003] Next, hydrogen chloride gas is introduced in a reaction container, the main front face of said silicon 
single crystal substrate is etched, material gas is introduced further, and vapor growth of the silicon single 
crystal thin film of request thickness is carried out. After vapor growth termination stops heating, cools the 
inside of said reaction container, and takes out the substrate (henceforth "EPIWEHA") to which vapor 
growth of the silicon single crystal thin film was carried out from said reaction container. 
[0004] 

[Problem(s) to be Solved by the Invention] However, by such conventional approach, minute irregularity 
called micro roughness might be formed over the range where an EPIWEHA front face is large. Since light 
reflected irregularly, and it has bloomed cloudy with the field in which micro roughness was formed white 
and is visible when condensing is irradiated on said EPIWEHA front face in a dark room, this is called 
"cloudiness" or "Hayes." As for an EPIWEHA front face, it is desirable that it is a flat thing without micro 
roughness. 

[0005] Moreover, if hydrogen chloride gas is used for etching on the front face of main of a silicon single 
crystal substrate, problems which are not desirable to manufacture of EPIWEHA, such as carrying out metal 
contamination of the silicon single crystal substrate, since the metal pollutant which etched and produced the 
inside of a storage tank, a charging line, and a fission reactor etc. is contained, or the hydrogen chloride gas 
which remains at the time of the vapor growth of a silicon single crystal thin film etching the main front face 
of a silicon single crystal substrate, and increasing the amount of auto dopes, will generate this hydrogen 
chloride gas. 

[0006] This invention is made in view of the above-mentioned point, and the purpose is to offer the vapor 
growth approach using the etching approach of the silicon single crystal substrate which replaces hydrogen 
chloride gas at the same time it offers the vapor growth approach that EPIWEHA of a flat surface state 
without micro roughness can be manufactured certainly. 
[0007] 

[Means for Solving the Problem] The growth approach of this invention has the process which carries out 
the temperature up of said silicon single crystal substrate within an inert gas ambient atmosphere, and the 
process which carries out etching removal of the natural oxidation film formed on the front face of said 
silicon single crystal substrate with hydrogen gas in front of vapor growth in the approach of carrying out 
vapor growth of the silicon single crystal thin film on the main front face of a silicon single crystal substrate. 

[0008] It is continued to the temperature suitable for carrying out etching removal of the natural oxidation 
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film formed on the front face of said silicon single crystal substrate with hydrogen gas, and the process 
which carries out a temperature up within said inert gas ambient atmosphere is preferably started from the 
temperature of less than 800 degrees C. 

[0009] Moreover, as for the temperature suitable for carrying out etching removal of said natural oxidation 
film with hydrogen gas, it is desirable that it is the temperature from which the etch rate to the natural 
oxidation film by hydrogen gas becomes 1/10 or more [ to a silicon single crystal / of an etch rate ], and the 
temperature is 950 degrees C or more 11 90 degrees C or less. 

[0010] It is desirable to use the rare gas which chose as arbitration and was prepared as said inert gas, for 

example from any one sort of helium, neon, an argon, a krypton, and the xenon or these. 

[0011] 

[Function] When this invention person investigates the cause of generating of micro roughness, a silicon 
single crystal substrate within a hydrogen gas ambient atmosphere The inside of a temperature up. In case 
etching removal of the natural oxidation film (Si02) with a thickness of about 1.5nm formed on the front 
face of this silicon single crystal substrate is carried out with hydrogen gas Since the front face of the silicon 
single crystal substrate 1 1 begins to be etched with hydrogen gas one by one from the part 13 from which 
local nonuniformity occurred in etching as shown in drawing 7 (b), and the natural oxidation film 12 was 
removed completely It tumed out that the part deeply etched with hydrogen gas and the part etched 
shallowly arise, consequently irregularity 14 is formed on the front face of the silicon single crystal substrate 
11. 

[0012] Even if hydrogen chloride gas is not used for the natural oxidation film 12, if heated within a 
hydrogen ambient atmosphere by 800 degrees C or more of abbreviation, it will be etched by hydrogen. 
However, in the temperature 800 degrees C thru/or near 900 degree C, the natural oxidation film 12 is not 
necessarily removed by coincidence all over the silicon single crystal substrate 1 1, etching of the natural 
oxidation film 12 advances early comparatively, and the part which the front face of a silicon single crystal 

1 1 exposes immediately, and the part which is not so live together. 

[0013] By the way, the etching capacity of the hydrogen in near 900 degree C is about 0.7 nm/min to a 
silicon single crystal substrate, and is about 0.05 nm/min to the natural oxidation film. That is, the etch rate 
of the silicon single crystal substrate by hydrogen is about 14 times the etch rate of the natural oxidation 
film. Since that part will be etched with an etch rate about 14 times the speed of to the natural oxidation film 

12 at this time if the front face of a silicon single crystal 1 1 carries out end exposure, irregularity 14 is 
formed in the form where the slight etching nonuniformity of the natural oxidation film 12 was amplified. 
And this irregularity 14 causes [ of micro roughness ] generating. 

[0014] That is, since the time amoiint which the etching nonuniformity of hydrogen to the natural oxidation 
film is easy to be amplified on a substrate front face and which is held at the temperature near 900 degree C 
at the time of temperature up initiation became long inevitably, for example at the temperature near 900 
degree C like before when the silicon single crystal substrate was carried in to the reaction container of a 
hydrogen ambient atmosphere, generating of micro roughness was not able to be controlled certainly. 
[0015] On the other hand, near 1 100 degree C, the etching capacity of hydrogen over the natural oxidation 
film becomes about 1 about 20 times [ near 900 degree C ] as many nm/min as this, and it becomes almost 
equal also to the etch rate to a silicon single crystal substrate. 

[0016] Then, 800 degrees C thru/or near 900 degree C, the temperature up of the silicon single crystal 
substrate is carried out within an inert gas ambient atmosphere, the natural oxidation film is made not to be 
removed, hydrogen gas is introduced the temperature suitable for carrying out etching removal of the natural 
oxidation film formed on the front face of said silicon single crystal substrate with hydrogen gas, for 
example, near 1 100 degree C, for the first time, and hydrogen gas is contacted to a silicon single crystal 
substrate. Then, the natural oxidation film of a silicon single crystal substrate main front face is removed on 
the whole surface for a short time. Near 1 1 00 degree C, it is possible for the etching nonuniformity to the 
natural oxidation film not to be amplified on a substrate front face, as it shows drawing 7 (a) with the natural 
oxidation film and a silicon single crystal substrate, since the etching capacity of hydrogen gas is almost 
equal, but to control generating of micro roughness certainly. 
[0017] 

[Example] Hereafter, the example of this invention is explained, referring to a drawing. 
Example 1 drawing 1 shows the production process of the silicon single crystal thin film by the vapor 
growth approach of this invention. Cold wall-type vapor growth equipment as shown in drawing 2 was used, 
and the front face of the silicon single crystal substrate 1 (henceforth "a substrate 1") was made to carry out 
vapor growth of the silicon single crystal thin film 2 (henceforth "a thin film 2") in this example. 
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[0018] Said vapor growth equipment is single-wafer-processing vapor growth equipment of the water flat tip 
which has the gas inlet 5, the gas exhaust 6, and the substrate conveyance opening 7 of the transparent 
reaction container 3 made from quartz glass, infrared-heating LGT 4 installed in the outside of this reaction 

container 3, and the gas 8 used for vapor growth, £is shown in drawing 2 . 

[0019] In order to manufacture a thin film 2, a substrate 1 is first carried in in the reaction container 3 cooled 
by about 700 degrees C through the substrate conveyance opening 7 from the plenum chamber which 
nitrogen-gas-atmosphere mind does not illustrate, and a substrate 1 is horizontally laid in this reaction 
container 3. The inside of said reaction container 3 is beforehand permuted by argon gas, and it starts a 
temperature up at the same time said substrate 1 is laid in said reaction container 3. 

[0020] In order not to spoil the surface state of a substrate 1 and a thin film 2, it is desirable to maintain the 
inside of said reaction container 3 at an argon gas ambient atmosphere until it carries out a temperature up 
near 1 100 degree C. However, it is a problem to use expensive argon gas in large quantities compared with 
hydrogen gas in respect of cost. 

[0021] Then, within the argon gas ambient atmosphere, in 900 degrees C, 1000 degrees C, and 1 100 degrees 
C, the inside of said reaction container 3 was permuted by the hydrogen gas ambient atmosphere, the 
generating situation of micro roughness was compared in the temperature up, and temperature with required 
maintaining the inside of said reaction container 3 at an argon gas ambient atmosphere into a temperature up 
was searched for by experiment. 

[0022] First, into said reaction container 3, the temperature up was immediately started after carrying-in 
termination, and the temperature up of the substrate 1 was carried out within the argon gas ambient 
atmosphere to each temperature conditions. Then, the inside of said reaction container 3 was permuted by 
the hydrogen gas ambient atmosphere. In this experiment, in order to grasp the generating condition of 
micro roughness correctly, the conditions which hold for 3 minutes on each temperature conditions, and 
micro roughness tends to generate were set up. 

[0023] Next, after holding a substrate 1 for 2 minutes at 1 100 degrees C within a hydrogen gas ambient 
atmosphere and removing the natural oxidation film completely, the thin film 2 with a thickness of about 6 
micrometers was grown up by making trichlorosilane into material gas in growth temperature [ of 1 100 
degrees C ], and growth time amount 2 minutes. 

[0024] The graph of drawing 3 thru/or drawing 5 observed the front face of the thin film 2 which grew as a 
result of this experiment with the atomic force microscope, when the inside of said reaction container 3 is 
permuted by the hydrogen gas ambient atmosphere at 900 degrees C, from the graph of drawing 3 , until 
etching of the substrate 1 was carried out deeply, and it has been grasped from it that especially micro 
roughness is large. On the other hand, in 1000 degrees C and 1 100 degrees C, as shown in drawing 4 and 
drawing 5 , most signs that the front face of a substrate 1 was etched were not observed. 
[0025] As a result of adding examination fiirther based on this experimental result, when the inside of said 
reaction container 3 was permuted by the hydrogen gas ambient atmosphere at the temperature near [ 800 
degrees-C or more ] 900 degree C, it turned out that micro roughness occurs. Moreover, when the 
temperature which changes to a hydrogen gas ambient atmosphere from an inert gas ambient atmosphere 
was 950 degrees C or more from which the etch rate to the natural oxidation film by hydrogen gas becomes 
1/10 or more [ to a silicon single crystal / of an etch rate ], it tumed out that generating of micro roughness is 
controlled certainly. However, if the temperature of a silicon single crystal substrate becomes higher than 
1 190 degrees C, since it will become so large that it becomes impossible to disregard the evil of an auto 
dope phenomenon, a slip, etc., it is not desirable. 

[0026] In this example, although argon gas was used as inert gas, the rare gas which chose as arbitration and 
was prepared can be used from any one sort of helium, neon, a krypton, and the xenon, or these as inert gas. 
Moreover, although it is also possible to use nitrogen as inert gas, since a nitride is formed by high . 
temperature, cautions are required. 
[0027] 

[Effect of the Invention] Since the temperature up of the silicon single crystal substrate is carried out within 
an inert gas ambient atmosphere 800 degrees C thru/or near 900 degree C by the above explanation 
according to the vapor growth approach of this invention so that clearly, and the natural oxidation film is 
made not to be etched into nonuniformity, EPIWEHA of a flat surface state without micro roughness can be 
manufactured certainly. Moreover, the problem of the metal contamination generated by using hydrogen 
chloride gas or an auto dope can also be controlled. 
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